Background Knee stiffness or limited range of motion (ROM) after total knee arthroplasty (TKA) may compromise patient function. Patients with stiffness are usually managed with manipulation under anesthesia (MUA) to improve ROM. However, the final ROM obtained is multifactorial and may depend on factors such as comorbidities, implant type, or the timing of MUA. Questions/purposes We asked whether diabetes mellitus, implant type, and the interval between TKA and MUA influenced post-MUA ROM. Methods From a group of 2462 patients with 3224 TKAs performed between 1999 and 2007 we retrospectively reviewed 96 patients with 119 TKAs (4.3%) who underwent MUA. We determined the presence of diabetes mellitus, implant type, and the interval between TKA and MUA. Results The average increase in ROM after MUA was 34°. Patients with diabetes mellitus experienced lower final ROM after MUA (87.5°versus 100.3°) as did patients with cruciate-retaining (CR) prostheses versus posteriorstabilized (92.3°versus 101.6°). The interval between TKA and MUA inversely correlated with final ROM with a decrease after 75 days. Conclusions Most patients experience improvements in ROM after MUA. Patients with diabetes mellitus or CR prostheses are at risk for lower final ROM after MUA. Manipulation within 75 days of TKA is associated with better ROM.
Introduction
TKA alleviates pain and restores knee function. However, 1% to 6% of patients develop a variable degree of arthrofibrosis or adhesions that adversely affects knee ROM and consequently restricts daily activities [23, 25] . Although knee stiffness is a common complication after TKA, there is no universally accepted definition of stiffness. Fox and Poss defined stiffness as a failure to achieve approximately 90°of active flexion within 2 weeks after TKA [10] . Others such as Kim et al. describe stiffness as having a flexion contracture C 15°and/or \ 75°of flexion after TKA [15] . An individual requires 67°of knee flexion to walk normally, 83°to ascend stairs, 90°to descend stairs, 105°to get up from a chair, and 115°to get up from a sofa [14, 17] . Final ROM achieved after TKA is an important determinant of patient satisfaction and function [30] .
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The ROM obtained after TKA is multifactorial. The principal predictive factor of final post-TKA ROM is reportedly pre-TKA ROM [27, 28] . Pre-TKA patient characteristics such as age, race, body mass index, and comorbidities also may affect final ROM [3, 15, 30] . Patients with lower body mass indices have been associated with greater pre-TKA ROM and are less likely to require manipulation under anesthesia (MUA) to manage stiffness after TKA [11] . Patients with diabetes mellitus have lower ROM and experience more stiffness after surgery [2, 22, 31] . Intraoperative variables including type of implant, anesthesia type, cruciate, and collateral ligament balance are also potential determinants of final ROM [6, 32] . Additionally, final outcomes may depend on adequacy of perioperative anesthetic management, use of continuous passive motion, type of rehabilitation program, and patient motivation [1-3, 7, 12, 16, 24, 26, 30, 31, 33] . Furthermore, there is disagreement regarding the interval between initial TKA and MUA with some data showing that patients manipulated within 90 days achieve greater increases in ROM compared with patients at longer intervals after TKA [8, 21] . Other studies suggest patients achieve similar final ROM irrespective of interval between surgery and MUA [13, 31] .
The purpose of this study was to determine (1) the effect of MUA on ROM; and (2) the influence of diabetes mellitus, prosthesis design, and timing of MUA on post-MUA ROM.
Materials and Methods
Between 1999 and 2007 we performed 3244 primary TKAs in 2782 patients. Of those, 112 patients with 140 TKAs (4.3%) underwent MUA as a result of limited ROM after TKA. The indications for MUA were: failure to obtain 90°of flexion within 6 weeks after TKA or sooner if patients were not on pace to achieve this benchmark. The contraindications to MUA were presence of: infection, fracture, hematoma presenting as stiffness, or obvious malposition of component. We excluded 16 patients (21 knees) from the study as a result of inadequate followup (less than 2 years) resulting in 96 patients with 119 TKAs. There were 72 women (75%; 90 knees) who underwent MUA ( Table 1 ). The average age of patients in the MUA group was 63 years (range, 40-81 years). Osteoarthritis was the primary diagnosis in 90 patients (94%; 113 knees) and diabetes mellitus was diagnosed in 9% patients. The minimum followup was 2 years (average, 3 years; range, 2-12 years). No patients were recalled specifically for this study; all data were obtained from medical records including hospital charts and office notes.
All TKAs were performed by fellowship-trained adult reconstructive surgeons with over 1000 TKAs performed per surgeon before the study period.
The rehabilitation protocol after TKA at our institution included mobilization with walking on postoperative day 1 with assistive devices, active and passive flexion on day 2, and hospital discharge to a skilled nursing facility when medically stable or home when ambulating independently. All inpatient physical therapy was supervised by a physical therapist in two 1-hour sessions per hospital day. After discharge, physical therapy was continued at least two times per week supervised by a physical therapist. The physical therapy regimen was standard among all patients in the investigation. Over the course of this study, the average length of hospital stay was 4 days.
Manipulation was performed under general or regional anesthesia with complete muscle relaxation provided. The hip was then flexed to 90°and the knee was bent until a firm end point was encountered. The proximal shaft of the tibia was used as the lever arm for flexion. During MUA, the ROM was determined by intraoperative long-armed goniometric measurement by the surgeon. Ice packs were immediately applied postoperatively and physical therapy started in the recovery area.
The post-MUA inpatient physical therapy consisted of active and passive supervised ROM exercises and ambulation supervised by a physical therapist. Patients underwent active and passive flexion-extension exercises until discharge from the hospital 1 day after manipulation. Outpatient physical therapy was initiated on discharge at least three times per week.
Extension and flexion measurements were performed using a long-armed goniometer by a physical therapist, orthopaedic nurse, or surgeon. For statistical analysis, the ROM arc was determined based on the difference between extension and flexion. Extension and flexion were measured before TKA, before MUA, at the time of MUA, and at most recent followup. Final ROM was defined as the arc of motion measured at most recent patient followup. The data were retrospectively collected from clinical, intraoperative, and anesthesia notes. Race was classified as white or nonwhite. We evaluated the charts for a prior diagnosis of diabetes mellitus. Prosthesis type included cruciate retaining (CR) or posterior stabilized (PS). The timing of MUA was analyzed based on five intervals: within 45, 46 to 60, 61 to 75, 76 to 90, and more than 90 days between TKA and MUA.
To test the effect of MUA on ROM, we used a paired t-test comparing pre-and post-MUA ROM. The influence of race, diabetes mellitus, prosthesis design, and timing of MUA on post-MUA ROM was tested using Pearson's chi square for discrete variables or two-sample t-tests for continuous variables. To test the independent effects of these variables, we used a stepwise linear regression model with backward selection and p[0.20 for removal from the model. All tests were conducted using STATA 12 (Stata Statistical Software: Release 12; StataCorp LP, College Station, TX, USA).
Results
Patients experienced increases in ROM after MUA with a mean increase of 34°(p \ 0.001). Patients undergoing manipulation had improvements (p\0.001) in final flexion contracture measurements as compared with pre-TKA flexion contracture values (Table 1) . However, pre-TKA and final flexion values were similar (p = 0.88) ( Table 2) . Patients experienced improvements in both flexion contracture and flexion after MUA (p \ 0.001) ( Table 3) . Furthermore, intra-MUA ROM correlated with (r = 0.18, p = 0.06) final ROM.
Nonwhite patients had lower (p \ 0.001) final ROM as compared with whites. Diabetes mellitus was independently associated with (p = 0.03) lower mean ROM after TKA. The proportion of CR versus PS implants was similar (r = 0.37, p = 0.32) during the study period. However, CR prostheses demonstrated lower final ROM (p = 0.02) than PS (92.3°c ompared with 101.5°) after MUA (Table 4 ). Multivariate analysis evaluating race, diagnosis of diabetes mellitus, and use of CR versus PS implants demonstrated lower ROM in patients with diabetes mellitus and those with CR prostheses ( Table 5 ).
The mean interval between TKA and MUA was 74 days. An improvement (p = 0.001) in ROM was observed in knees manipulated within 75 days after surgery versus knees manipulated after 75 days (103°as compared with 92°). The interval between TKA to MUA negatively correlated (r = À0.20, p = 0.04) with final ROM. A linear regression analysis controlling for pre-MUA ROM demonstrated a 0.21°decrease in final ROM for each day between TKA and MUA ( Fig. 1 ). We found a higher (all p \ 0.05) final ROM and post-MUA gain in the 61-to 75-day interval as compared with the 76-to 90-day interval ( Fig. 1 ; Table 6 ).
Discussion
Previous studies on the outcome of MUA after TKA have demonstrated many variables, which appear to correlate with final ROM [13, 15] . However, a number of controversies remain. We therefore determined (1) the effect of MUA on ROM; and (2) the influence of diabetes mellitus, prosthesis design, and timing of MUA on post-MUA ROM. Our investigation was subject to a number of limitations. First, because the study was retrospective, the data relied on accurate examinations and recordkeeping and assumed all measurements were made in a uniform way. The ROM measurements were performed using a long-armed goniometer by experienced physicians and physician assistants in our joint replacement division. Previous studies have demonstrated the accuracy of long-armed goniometric knee measurements; however, inconsistencies in measurement were possible [18] . Nevertheless, intra-and interobserver reliability is reportedly high with goniometric evaluation of knee flexion and extension [4] . Group comparisons such as this one have greater accuracy and reliability over time when compared with individual measurements [19] . Correlation coefficients of intratester measurements of flexion and extension when using goniometers were reported to be 0.99 and 0.98, respectively. Similarly, intertester goniometric reliability of flexion and extension is on the order of 0.90 and 0.86 for flexion and extension, respectively [34] . Second, complete knee scores were unavailable for 34 of the 96 patients in the study and therefore were omitted from the analysis. Because ROM is an objective measure that indirectly indicates function, this was the primary outcome evaluated.
The rate of MUA and resulting mean improvement in ROM of 34°is consistent with previous studies showing similar results [9, 13, 20] (Table 7) . These increases in ROM were mostly attributed to increases in flexion with moderate improvements in extension. Patients were followed for an average of 3.1 years. Because minimal increases in ROM occur more than 1 year after TKA, this followup was adequate at capturing true end points of ROM and function [9, 33] . As previously described, this study also demonstrated a strong association between pre-TKA and final ROM [27, 28] . Consequently, patients with low initial ROM should be informed that pre-TKA ROM is predictive of final ROM [13, 27, 28, 35] . Final post-MUA flexion regressed toward pre-TKA flexion as demonstrated by nearly equivalent flexion arcs (100.3°versus 100.6°). Fig. 1 Final, pre-MUA, and gain in ROM based on followup intervals between TKA and MUA are shown. Comorbidities may prognosticate final ROM after TKA [2, 11, 30] . In this study, patients with diabetes mellitus experienced 12.8°lower final ROM versus patients without diabetes mellitus.
The degree of prosthesis constraint may predict the response to MUA. We found the mean ROM was higher among PS versus CR prostheses (101.5°compared with 92.3°) post-MUA. Other studies have reported similar ROM in both PS and CR prostheses [5] (Table 7) . However, we believe the intact posterior cruciate ligament or its improper balance could limit the knee ROM arc in CR prostheses and therefore explain the decreased improvement in ROM after MUA.
The literature with respect to timing of MUA after TKA contains contradictory findings [8, 13, 21, 31] . Some studies suggest patients manipulated within 90 days achieve greater increases in ROM compared with patients at longer intervals after TKA [8, 21] , whereas others show patients achieve similar final ROM irrespective of the interval between surgery and MUA (Table 7 ). Similar to our observations, Keating et al. identified a mean pre-MUA flexion of 70°with an overall mean increase of 35°of flexion after MUA [13] . Moreover, a study of early versus late MUAs reported improvements in flexion among patients manipulated before 90 days (68.4°± 17.2°to 101.4°± 16.2°) with smaller improvements at intervals greater than 90 days (81.0°± 13.3°to 98.0°± 18.0°) [21] . These investigations used a two-sample model to compare ROM among patients before and after 90 days and failed to find a significant difference with respect to timing. Our analysis differed in that we used a linear regression analysis demonstrating a negative correlation between time interval and final ROM. Our linear regression analysis that controlled for pre-TKA ROM identified a loss of 0.21°per day between initial surgery and MUA. The mean time between TKA and MUA was 74 days. Although our protocol is to manipulate at 6 weeks post-TKA, patient factors adversely affected adherence to this regimen. Moreover, there was a higher final ROM associated with MUA before 75 days. We subsequently evaluated the ROM with respect to five different time intervals based on expected patient followup patterns. We found a higher final ROM and post-MUA gain of ROM in the 61-to 75-day interval as compared with the 76-to 90-day interval (Fig. 1) . We believe these findings should be considered when counseling patients before MUA.
The stiff TKA remains both a diagnostic and therapeutic conundrum. Like previous investigations, our study identified an average benefit of 34°after knee manipulation [13] . Likewise, medical comorbidities such as diabetes mellitus are associated with worse motion and manipulation after TKA [29, 31] . On the other hand, in our study, patients with CR prostheses achieved less ROM after MUA than patients with PS knees. Although ROM after uncomplicated primary TKA is similar with PS and CR implants, additional investigation may clarify the role of the posterior cruciate ligament in the stiff knee. Finally, the timing of manipulation after TKA has been controversial with most authors publishing no major differences between early and late manipulations [13, 31] . However, this study differed from others in that a linear regression analysis identified a per-day loss of ROM and poorer results after 74 days in terms of final ROM.
Patients with stiffness after TKA experience increased final ROM after MUA after TKA. Furthermore, patients with diabetes mellitus, CR prostheses, and greater intervals between TKA and MUA may experience compromises in final ROM.
